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GENOTYPING REAGENTS, KITS AND METHODS OF USE THEREOF 

Background 

Sequencing the human genome has provided 
information to dramatically change the way diseases are 
5 studied, diagnosed and treated. The fields of 

pharmacogenomics and pharmacogenetics focus on the 
variability and diversity of DNA, and how this diversity 
can impact biology, including response to drugs- The 
most common form of genetic diversity is thought to come 

10 in the form of individual DNA bases being different than 
the corresponding base in the average population- These 
single nucleotide polymorphisms ("SNPs") are a natural 
form of mutation, which are hereditary in nature. SNPs 
are viewed as both direct and indirect markers for many 

15 human diseases. Therefore, the analysis, or "scoring," 
of SNPs to determine their role in disease and drug 
efficacy can lead to the development of powerful 
diagnostics and therapeutics. 

Adverse drug reactions (ADRs) represent the 
20 leading cause of hospitalization and mortality in the 

U.S., resulting in over 1.5 million hospitalizations and 
100,000 deaths per year (J. Lazarou, et.al. in The 
Journal of the American Medical Association (JAMA), 
(1998, 1200-1205). In addition, many promising drugs 
25 developed by pharmaceutical companies never make it 

through clinical development because of genetically based 
adverse reactions (ADRs) in a small number of patients. 
Therefore, scoring SNPs can identify at risk patients 
before the drug is prescribed and salvage potentially 
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useful new drugs. Alternatively/ patients with SNP- 
induced variations in their conditions^ evident in 
diseases like hypertension, can be identified and then 
prescribed the drug most appropriate for their genetic 
5 variant. Therefore, SNP analysis will be used to 
streamline drug discovery and development leading to 
safer and more effective tailor-made drugs. 

Accordingly, new reagents are needed that can 
be used to identify whether heretofore unknown SNPs are 
10 present or absent from a given nucleic acid sample. The 
present invention satisfies this need and provides 
related advantages as well. 

Summary of the Invention 

In accordance with the present invention, there 
15 are provided oligonucleotides that can be used to 

determine the presence, absence or identity of a single 
nucleotide polymorphism. Invention oligonucleotides 
include genotyping oligonucleotides that hybridize with a 
portion a nucleic acid sequence listed in column 4 of 
20 Table 1, or complementary sequence thereof, and 
amplification oligonucleotides. 

In accordance with another embodiment of the 
invention, there are provided kits useful for - determining 
the presence, absence or identity of a single nucleotide 

25 polymorphism. In one embodiment, an invention kit 
comprises an oligonucleotide that hybridizes with a 
portion of a nucleic acid sequence listed in column 4 of 
Table 1, or complementary sequence thereof. In another 
embodiment, an invention kit comprises amplification 

30 oligonucleotides of columns 1 and 2 of Table 1. Also 
provided is an invention kit comprising an 
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oligonucleotide that hybridizes with a portion of a 
nucleic acid sequence listed in column 4 of Table 1, or 
complementary sequence thereof and two amplification 
primers . 

5 Another embodiment of the invention provides 

methods of genotyping a nucleic acid sample by 
hybridizing a genotyping oligonucleotide to a nucleic 
acid sequence listed in column 4 of Table 1, or 
' complementary sequences thereof. The genotyping 

10 oligonucleotide can then be employed in a variety of 
reactions, such as, for example, a primer extension 
reaction. Also provided is a method of genotyping a 
nucleic acid sample by amplifying a target nucleic acid 
sequence and performing a single-nucleotide primer 

15 extension reaction employing a genotyping oligonucleotide 
that hybridizes to the target nucleic acid sequence. 

Brief Description Of The Figures 

Figure 1 shows a schematic for genotyping a 
heterozygous nucleic acid sample containing two target 

20 nucleic acids using the particular primer extension 
reaction referred to as Single Nucleotide Primer 
Extension (SNPE) and/or GBA. In step 1, genomic DNA is 
amplified using a pair of PGR primers from columns 1 and 
2 of the same row of Table 1 herein, in which the five 

25 most 5' nucleotides of one of the two PGR primers are 
linked by four exonuclease-resistant phosphorothioated 
linkages (e.g., 5' G- (p) -G- (p) -G- (p) -A- (p) -GTGTGAGGGGAGGT 
3', for SEQ ID NO: 2, where '^-(p)-'' represents a 
phosphorothioate linkage) . The PGR primers are 

30 complementary to sequences flanking either side of a 

specific nucleotide site (e.g., the site of a SNP) in the 
genomic DNA, thus resulting in an amplified nucleic acid 
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(the target nucleic acid) containing this specific site. 
In step 2, the amplified PGR product target nucleic acid 
is subjected to T7 gene 6 exonuclease digestion, which 
removes the strand of the target nucleic acid that did 
5 not include the 5' phosphorothioated linkages, resulting 
in a single-stranded target nucleic acid. In step 3, the 
genotyping primer (or SNPE primer) is hybridized with the 
single stranded target nucleic acid such that the 
specific nucleotide of the target nucleic acid that is to 

10 be analyzed (i.e., the SNP) is not hybridized, and is 

immediately adjacent the 3' end of the genotyping primer. 
In step 4, a terminator reagent mixture comprising 
dideoxy terminators corresponding to A, C, G and T, 
together with a polymerase, are added to the target 

15 nucleic acid-genotyping primer complex- The polymerase 
extends the genotyping primer by a single base, 
consisting of one of the four terminators, where the 
added terminator base is complementary to the SNP to be 
determined. The terminator base that is added to the 

20 genotyping primer is labeled with a detectable marker. 
In the second part of step four, NaOH is added to 
dissociate the target nucleic acid strand which is washed 
away, while the genotyping primer, fixed to a solid 
support, remains. In step 5, a detection reagent is 

25 added, if necessary, to generate signal from the 

detectable marker. This can be performed in an ELISA 
format where an enzyme-linked antibody specific for the 
detectable marker of a terminator is contacted with the 
extended genotyping primer. When detectable markers that 

30 can be distinguished from each other are used, multiple 
alleles can be identified in a single well. For example, 
as illustrated in step 5, two alleles can be identified 
(C and T) by the sequential use of antibodies selective 
for each of the terminators (ddCTP and ddTTP) . 
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Figures 2A and 2B show schematics for 
genotyping a homozygous nucleic acid sample using the 
Single Nucleotide Primer Extension (SNPE) by the enzyme- 
linked immunosorbant assay (ELISA) detection method after 
5 amplification using a phosphorothioated primer and 

exonuclease digestion. In figure 2h, the template strand 
indicated in the figure is a representative target 
nucleic acid molecule (such as those listed in SEQ ID 
NO:4n+4) . The SNPE primer indicated in the figure is a 

10 representative genotyping primer (such as those listed in 
SEQ ID NO:4n+3). The nucleotide to be interrogated is 
indicated as the SNP to be typed. Primer extension is 
performed as described herein, in .which the polymerase 
extension step can be performed in the presence of the 

15 terminators ddATP, ddGTP, f luorescein-ddCTP and biotin- 
ddUTP. The last two terminators are linked to detectable 
markers. Figure 2B shows the detection step after the 
single nucleotide primer extension results in the 
addition of f luorescein-ddCTP onto the 3 '-end of the SNPE 

20 primer. The diagram illustrates the interaction of 

alkaline phosphatase-conjugated anti-f luorescein antibody 
and the generation of signal at OD405 after the addition 
of PNPP (p-nitrophenyl phosphate) substrate. Since the 
biotin-ddUTP is not incorporated, the anti-biotin horse 

25 radish peroxidase (HRP)does not bind to the primer, no 
reaction with the TMB (tetramethylbenzidine) substrate 
occurs and, hence, no signal is generated at ODgjo- 

Figure 3 shows a scatterplot of QD405 (X-axis) 
versus 00^20 (Y-axis) resulting from SNPE that 
30 demonstrates a result that is heterozygous. The PGR 

primers used were oligonucleotides of SEQ ID NOs:25 and 
26- The SNPE primer used was an oligonucleotide with SEQ 
ID NO: 27. The targeted nucleic acid with the suspected 
polymorphism contains the sequence of SEQ ID NO: 28. SNPE 
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was performed using f luorescein-ddCTP and biotin-ddUTP. 
The Y-axis corresponds to signal obtained from ddUTP 
incorporation and the X-axis corresponds to signal 
obtained from ddCTP incorporation. Each circle 
5 (•) indicates a result with a specific test sample 
(unknown) from an individual genomic DNA. Plus (+) 
symbols are positive controls using a synthetic template. 
Crosses (x) are negative controls where no PGR is 
performed. 

10 Detailed Description of the Invention 

In accordance with the present invention, there 
are provided oligonucleotides that can be used to 
determine (genotype) the presence, absence or identity of 
a single nucleotide polymorphism (SNP) at a preselected 

15 site in a human genomic nucleic acid sample. The 
location of the SNP in each SNP-containing 
oligonucleotide set forth in column 4 of Table 1 (also 
referred to herein as SEQ ID NO:4n+4, wherein n=0 through 
934) herein* corresponds to the nucleotide position on 

20 each SEQ ID NO:4n-l-4 that is immediately adjacent the 
nucleotide complementary to the 3' end of the 
corresponding genotyping oligonucleotide set forth in 
column 3 of the same row of Table 1. The nucleotide set 
forth on SEQ ID NO:4n+4 corresponding to the SNP site 

25 corresponds to the predominant polymorphism. 

As set forth in Table 1, each row of 
oligonucleotides disclosed corresponds to a set of oligos 
useful for genotyping a nucleic acid sample for the 
presence or absence, or identity of a particular SNP. 
30 The oligonucleotides set forth in columns 1 and 2 of 
Table 1 (also referred to herein as SEQ ID N0:4n+1 and 
SEQ ID NO:4n+2, respectively, where n=0 through 934) are 
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used as primers to amplify the nucleic acid sample having 
the corresponding SNP-containing oligonucleotide from the 
same row in Table 1 (referred to as SEQ ID NO:4n+4, where 
n=0 through 934). See Figure 1. Once the nucleic acid 
5 sample having the corresponding SNP-containing 

oligonucleotide has been amplified, the corresponding 
genotyping oligonucleotide from column 3 (referred to as 
SEQ ID NO:4n+3, where n=0 through 934) of the same row in 
Table 1 is used to genotype the target nucleic acid, 
10 preferably by a primer extension reaction. 

As used herein, the term ''oligonucleotide", 
^^oligo" or grammatical variations thereof, refers to 
polynucleic acid that can be either DNA or RNA. 
Invention oligos can be produced by methods well-known in 
15 art such as described in the Examples hereinafter; or the 
oligos can be purchased from commercial oligonucleotide 
production companies . 

As used herein, the phrase ''SEQ ID NO:4n+3, 
wherein n=0 through 934" refers to the group of 

20 oligonucleotides in the Sequence Listing that are set 

forth in column 3 of Table 1 herein (where n=(row number 
- 1). For example, n=0 corresponds to SEQ ID N0:3, n=l 
corresponds to SEQ ID N0:7,..., n=934 corresponds to SEQ 
ID NO: 3739 of the Sequence Listing. Likewise, SEQ ID 

25 ' N0:4n+1, SEQ ID NO:4n+2, and SEQ ID NO:4n+4, wherein n=0 
through 934, refers to the groups of oligonucleotides set 
forth in columns 1, 2 and 4, respectively, of Table 1 
herein. 

The oligonucleotides set forth in column 3 of 
30 Table 1 (SEQ ID NO:4n+3, where n=0 through 934) are also 
referred to herein as genotyping oligonucleotides. In 
addition, for each SNP located in each oligonucleotide 
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set forth in column 4 of Table, there are at least four 
potential genotyping oligonucleotides (e.g., genotyping 
primers) that are hybridizable to the region one 
nucleotide removed from either 5' or 3' end of the SNP 
5 nucleotide {two for each strand) . Two of the genotyping 
primers (one for each target nucleic acid strand) are 
complementary to the target nucleic acid and have their 
3' ends one nucleotide 3' to the SNP nucleotide. These 
primers can be used, for example, in a polymerase primer 

10 extension reaction such as described in Goelet, P. et 
al., U.S. Pat No.5,888,819 and Nikiforov, T.T. et al., 
U.S. Pat. No. 5,518,900, which are herein incorporated by 
reference. The other two primers are complementary to 
the target nucleic acid and have their 5* ends one 

15 nucleotide 5* to the SNP nucleotide. These primers can 
be used in, for example, a ligase/polymerase genotyping 
reaction such as described in Nikiforov, T.T. et al., 
U.S. Pat. No. 5,679,524, or a nucleotide and terminator 
mixture reaction such as described in Soderlund et al., 

20 U.S. Pat. No. 6,013,431 or by Koster et al., U.S. Pat. 

No. 6,043,031, which is herein incorporated by reference. 

In addition, the oligonucleotides set forth in 
column 3 of Table 1 (SEQ ID NO:4n+3, where n=0 through 
934) can be made one nucleotide longer such that the 

25 nucleotide at the 3* end lies complementary to the SNP 
nucleotide. These primers can be used in alternate 
genotyping methods, for example, in allele-specif ic 
polymerase chain reaction (AS-PCR) (Newton et al., 1989, Nucl 
Acids Res 17:2503-2516), ligase chain reaction 

30 (LCR) (Barrany, 1991, PNAS, USA. 88: 189-193), or 

oligonucleotide ligation assay (OLA) (Landegreh et al., 
1988, Science 241:1077), where the 3' nucleotide of the 
genotyping primer determines the presence of the SNP 
nucleotide . 
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In addition, the oligonucleotides set forth in 
column 3 of Table 1 (SEQ ID NO:4n+3, where n=0 through 
934) can be made one or more nucleotides shorter such 
that the genotyping primers are complementary to the 
5 target nucleic acid and have their 3' ends two or more 
nucleotides 3' to the SNP nucleotide. These primers can 
be used in, for example, a labeled nucleotide and 
terminator mixture reaction such as described in 
Soderlund et al., U.S. Pat, No. 6,013,431 or by Koster et 
10 al., U.S. Pat. No. 6,043,031, which is herein 
incorporated by reference. 

The genotyping primer can be an 
oligodeoxyribonucleotide (DNA) , an oligoribonucleotide 
(RNA) , or a copolymer of deoxyribonucleotides and 

15 ribonucleotides. The genotyping primer can be either 
natural or synthetic. The genotyping primer can be 
synthesized either enzymatically in vivo, enzymatically 
in vitro, or non-enzymatically in vitro. The genotyping 
primer can include modifications of the ribose-phosphate 

20 backbone, such as phosphorothioate or methylphosphonate 
or other backbone modifications such as peptide nucleic 
acid (PNA) . The genotyping primer can also include 
modifications of the nucleotide bases. The genotyping 
primer can be labeled with a detectable marker; this 

25 detectable marker can be different from any detectable 
marker present in the reaction mixture or any detectable 
marker attached to the target nucleic acid. In addition, 
for use with single-nucleotide primer extension 
reactions, the genotyping primer must be capable of 

30 hybridizing or annealing with nucleotides present in the 
target nucleic acid, immediately adjacent to, and 
upstream of, the nucleotide base to be identified. One 
way to accomplish the desired hybridization is to have 
the template-dependent primer be substantially 
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complementary or fully complementary to the known base 
sequence immediately adjacent to the base to be 
identified. The genotyping primer may be bound to a 
solid surface such as described in U.S. Pat. No. 
5 5,610,287, incorporated herein by reference in its 

entirety. Multiple different genotyping primers can be 
immobilized on a surface to create an array, thus 
allowing the determination of multiple genotypes in a 
single reaction. Multiple different genotyping primers 

10 with distinct attachment means ("'tags") can used for . 

multiplex single nucleotide primer extension in solution 
and subsequently separated for discrete detection, such 
as on a nucleic acid array comprising nucleic acids 
complementary to the attachment means of the genotyping 

15 primers ("tag arrays") . 

Genotyping oligonucleotides of the invention 
can be as long as the nucleotide distance between an 
amplification primer and the SNP nucleotide, preferably 
not overlapping the amplification primer sequence, 
20 preferably less than 90 nucleotides, preferably less 
than 50 nucleotides, more preferably between 14 and 50 
nucleotides, most preferably between 17 and 30 
nucleotides . 

When invention genotyping oligonucleotides are 
25 used in, for example, single-primer-extension reactions, 
hairpin loop structures can form due to self- 
complementarity of the nucleotides sequences of the 
oligo/primer . In order to disrupt the hairpin loop 
structure formation, ^'single-nucleotide-spacers" can be 
30 inserted in the midst of the hairpin loop structure. As 
used herein, the term ^^single-nucleotide-spacer" refers 
to any non-Watson-Crick moiety incorporated within an 
oligonucleotide for the purpose of weakening nucleic acid 
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duplex stability without altering the fidelity of the 
surrounding Watson-Crick base pairs. Thus, modifications 
to genotyping oligonucleotides contemplated herein are 
for the purpose of destabilizing duplex formation, 
5 specifically disfavoring intrastrand folding in favor of 
interstrand pairing. The location of single-nucleotide- 
spacers are set forth in the Sequence Listing and column 
3 of Table 1 as an '"X" . Such moieties are well-known and 
available in the art and can include anucleosidic 
10 moieties, abasic moieties, non*-naturally occurring 

nucleotide analogs, and non-Watson/Crick base moieties. 

As used herein, the term ^'anucleosidic 
moieties" refers to moieties that approximate the spacing 
of the phosphoribose linkage. Thus, anucleosidic sites 

15 are contemplated herein as space-holders between 
neighboring phosphates along the oligo backbone. 
Examples of anucleosidic moieties for use in invention 
oligonucleotides include phosphoramidite-coupled 
multicarbon aliphatic chains that lack a nucleotide base 

20 and approximate the internucleotide spacing. For 

example, a C-3 linker used in DNA synthesis (3^(4,4'- 
Dimethoxytrityloxy) propel -1-phosphoramidite) (Glen 
Research, Sterling,' VA) will have the approximate spacing 
of one nucleotide within a nucleic acid chain. Other 

25 anucleosidic sites include ethyl-like C2 and CI linkers, 
rather than C3. C2- and C3-linkers are preferred as 
single-base length analogs. Larger anucleosidic spacers 
are contemplated herein having stretches of a few C2 or 
C3 linkers, or by incorporating a single C6 linker {for a 

30 two-base gap), or C9 (for 3 bases), and so forth up C18 
linkers, and the like. 

As used herein, the phrase ''abasic moiety'^ 
refers to moieties that approximate the conformation of a 
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nucleotide but are chemically distinct from nucleotides/ 
which include sugars or sugar analogs without base 
moieties. For example, an abasic site consists of the 
sugar-phosphate backbone without the base, such as 
5 tetrahydrof uran-phosphate (dSpacer; Glen Research, 

Sterling, VA) , can be* used as a nucleotide analog. Other 
backbones include those in which one or two of the non- 
bridging oxygen atoms of the phosphate moiety of a 
nucleotide have been replaced with a sulfur-containing 

10 group (especially a phosphorothioate) , an alkyl group 

(especially a methyl or ethyl alkyl group) , a nitrogen- 
containing group (especially an amine) , and/or a 
selenium-containing group. In addition, peptide nucleic 
acids (PNAs) (Buchardt O, Trends Biotechnol 1993 

15 Sep; 11 (9) : 384-6) or a carbohydrate are alternate 

backbones that can be used. It is contemplated that 
abasic modifications of these backbone types can be used 
as nucleotide analogs. 

As used herein, ^^non-natural base variations" 
20 are non-canonical bases often referred to as "degenerate 
bases" since they exhibit some ability to base pair to 
any of the 4 standard bases. Exemplary non-natural base 
variations include, for example, "purine" and 
"pyrimidine" (which would be the structural scaffolds for 
25 A/G and C/T, respectively) , as well as fluorine- 

derivatized bases, and the like. Examples of other non- 
natural base variations include 5-nitroindole, 3- 
nitropyrrole, and inosine. Numerous other "natural" base 
modifications that result from carcinogen exposure are 
30 also contemplated herein (see, e.g.. Glen Research 

Catalog) . The single nucleotide spacer can also include 
nucleotide ribose or deoxyribose analogs. 
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As used herein, the phrase ^^naturally 
occurring/ non-Watson/Crick, bases'' refers to any 
naturally occurring canonical base other than dA, dC, dG, 
dT. Common bases would be doexyinosine (dl) and 
5 deoxyuridine (dU) . Other naturally occurring base 

variants can be found in tRNA sequences , and the like- 

The single nucleotide spacer can also include 
non-complementary Watson/Crick nucleotide bases. An 
example of a mismatched nucleotide base would be the 

10 substitution of a thymidine base with an adenine base 
such that the intra helical base pair would be A:A 
instead of T:A and hence disrupt base pairing. For 
example, it is well known that some non-Watson/Crick 
pairs have moderate stability, such as G/T pairs. For 

15 any base pair, there are 6 potential mis-pairs using the 
standard 4 bases . 

As used herein, the term "hybridize", or 
grammatical variations thereof, refers to the ability of 
two strands of nucleic acid molecules to hydrogen bond in 

20 a sequence dependent manner. For example, under 
appropriate conditions, complementary nucleotide 
sequences can hybridize to form double stranded DNA or 
RNA, or a double stranded hybrid of RNA and DNA. 
Nucleotide changes in the complementary sequence that 

25 disrupt base-pairing result in a decreased stability of 
the hybrid. These concepts are known in the art and 
described in Sambrook et al.. Molecular Cloning: A 
Laboratory Manual 2nd ed. (1989), which is incorporated 
herein by reference. 

30 Stringency levels used to hybridize a given 

probe with target-DNA can be readily varied by those of 
skill in the art. The phrase "stringent hybridization" 
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is used herein to refer to conditions under which nucleic 
acid hybrids are stable. As known to those of skill in 
the art, the stability of hybrids is reflected in the 
melting temperature (T^^) of the hybrids- In general, the 
5 stability of a hybrid is a function of GC content, cation 
concentration, formamide concentration and temperature. 
Typically, the hybridization reaction is performed under 
conditions of lower stringency, followed by washes of 
varying, but higher, stringency. Reference to 
10 hybridization stringency relates to such washing 
conditions . 

As used herein, the phrase "moderately 
stringent hybridization" refers to conditions that permit 
target-DNA to bind a complementary nucleic acid that has 

15 about 60% identity, preferably about 75% identity, more 
preferably about 85% identity to the target DNA; with 
greater than about 90% identity to target-DNA being 
especially preferred. Preferably, moderately stringent 
conditions are conditions equivalent to hybridization 

20 in 50% formamide, 5X Denhart's solution, 5X SSPE, 0.2% 
SDS at 42°C, followed by washing in 0 . 2X SSPE, 0.2% SDS, 

at es'^c. 

The phrase "high stringency hybridization" 
refers to conditions that permit hybridization of only 

25 those nucleic acid sequences that form stable hybrids 
in 0.018M NaCl at GS'^C (i.e., if a hybrid is not stable 
in 0.018M NaCl at 65°C, it will not be stable under high 
stringency conditions, as contemplated herein) • High 
stringency conditions can be provided, for example, by 

30 hybridization in 50% formamide, 5X Denhart's solution, 5X 
SSPE, 0.2% SDS at 42''C, followed by washing in O.IX SSPE, 
and 0.1% SDS at 65''C. 
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The phrase "low stringency hybridization" 
refers to conditions equivalent to hybridization in 10% 
formamide, 5X Denhart's solution, 6X SSPE, 0.2% SDS 
at 42*^0, followed by washing in IX SSPE, 0.2% SDS, 
5 at 50^*0. Denhart's solution and SSPE (see, e.g., 

Sambrook et al.. Molecular Cloning, A Laboratory Manual , 
Cold Spring Harbor Laboratory Press, 1989) are well known 
to those of skill in the art as are other suitable 
hybridization buffers. 

J- 

10 As used herein, the phrase ^'immediately 

adjacent the 3' end" refers to a specific first 
nucleotide position, typically on the target nucleic acid 
or on a nucleic acid having SEQ ID NO:4n+4, or 
complementary sequences thereof, which is immediately 5' 

15 of a second nucleotide position on the same nucleic acid, 
in which the second nucleotide position is complementary 
to the 3'-end nucleotide of SEQ ID NO:4n+3 or 
complementary sequence thereof. For example. Figure 2A 
shows a nucleotide sequence representative of a target 

20 nucleic acid sequence or a nucleic acid sequence having 
SEQ ID NO:4n+4, labeled "'Template strand." Figure 2A 
also shows a nucleotide sequence representative of a 
nucleic acid sequence having SEQ ID NO:4n-i-3, labeled 
''SNPE primer." The 3 • -end nucleotide of the SNPE primer 

25 is an ''A" which is complementary to a ''T" on the Template 
strand. The nucleic acid immediately 5' of the ''T" on 
the Template strand is a ''G," and is labeled in the 
figure ''SNP to be typed. Accordingly, the '"G" nucleotide 
on the Template strand, labeled as the SNP to be typed, 

30 is ''immediately adjacent the 3' end" of the SNPE primer 
in Figure 2A. 

Preferably, the invention oligonucleotides 
corresponding to SEQ ID N0s:4n+1 and 4n+2, where n=0 
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through 934 (i.e.^ columns 1 and 2 of Table 1) can be 
used as two amplification primers for increasing the 
amount of target nucleic acids (set forth in column 4 of 
Table 1) containing the SNP, In addition, in view of the 
5 target nucleic acids disclosed herein in column 4 of 
Table 1, those of skill in art can readily design 
additional amplification primers that can amplify larger 
target nucleic acid fragments comprising the target 
nucleic acids set forth in column 4. Likewise, it is 

10 contemplated herein that those of skill in art can 

readily design additional amplification primers that can 
amplify smaller target nucleic acid fragments, so long as 
the smaller target nucleic acid comprises the SNP-site 
set forth in column 4, The amplification primer pairs 

15 are. designed such that the primers generate a target 
nucleic acid strand complementary to the genotyping 
primer and resistant to degradation, for example, by 5'- 
3 ' exonuclease . 

As used herein, a nucleic acid that is 
20 '^resistant to degradation'^ or ^Megradation-resistanf is 
a nucleic acid that' is resistant to chemical degradation, 
acid hydrolysis, base hydrolysis, or other chemical- 
induced hydrolysis, or is resistant to enzymatic 
degradation* A nucleic acid that is resistant to 
25 enzymatic degradation can be resistant to exonuclease 
activity, endonuclease activity, and the like. In a 
preferred embodiment, a nucleic acid that is resistant to 
degradation is resistant to 5 '-3' exonuclease activity, 
by using phosphorothioation, and the like. 

30 A method of using 5 '-3* exonuclease in the 

preparation of target nucleic acids is the subject of 
Nikiforov et al., U.S. Patent 5,518,900, which is herein 
incorporated by reference. Examples of 5 '-3' exonuclease 
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resistant nucleic acids are disclosed in Zon^ G. et al., 
(Anticancer Drug Design 6:539-568 (1991)) and Goodchild, 
J. et al, (Bioconjugate Chem. 1:613-629 (1990), both of 
which are incorporated herein by reference in their 
5 entirety- In general^ suitable degradation-resistant 
nucleotide derivatives in which one or two of the non^ 
bridging oxygen atoms of the phosphate moiety of a 
nucleotide have been replaced with a sulfur-containing 
group (especially a phosphorothioate) , an alkyl group 

10 (especially a methyl or ethyl alkyl group) , a nitrogen- 
containing group (especially an amine), and/or a 
selenium-containing group, etc. Other modifications that 
confer degradation resistance such as 5 '-3' exonuclease 
resistance can be used, for example, peptide nucleic 

15 acids (PNAs) (Buchardt, 0. supra) or 2 ' -0-methyl ribose 
modified nucleic acids Srivastava S., C. et al., U.S- 
Pat. No- 5,214,135- Degradation resistance is preferably 
achieved by the primer containing a phosphorothioate 
modification at the 5' end of the nucleic acid and, in a 

20 preferred embodiment, containing four phosphorothioate 
linkages at the 5' end. 

The selected nucleotide derivative is suitable 
for in vitro primer-mediated extension and provides 
nuclease resistance to the region of the nucleic acid 

25 molecule in which it is incorporated. In a preferred 

embodiment, a nucleotide derivative confers resistance to 
exonucleases that attack double-stranded nucleic acids 
from the 5 '-end (5 '-3'' exonucleases). Examples of such 
exonucleases include bacteriophage T7 gene 6 exonuclease 

30 and bacteriophage lambda exonuclease. Both exonucleases 
are inhibited by the presence of phosphorothioate bonds 
so as to allow the selected degradation of the unmodified 
nucleic acid strand. However, any double-strand 
specific, 5* -3' exonuclease can be used for this process. 
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provided its activity is affected by the presence of the 
modified nucleotides. The preferred enzyme when using 
phosphorothioate derivatives is the T7 gene 6 
exonuclease, which shows maximal enzymatic activity in 
5 the same buffer used for many DNA dependent polymerase 
buffers including Taq polymerase. The 5 '-3' exonuclease 
resistant properties of phosphorothioate derivative- 
containing DNA' molecules are discussed, for example, in 
Kunkel, T,A. et al . (In: Nucleic Acids and Molecular 

10 Biology, Vol, 2, 124-135 (Eckstein F, et al . , eds . ) , 

Springer-Verlag, Berlin, (1988)). The 3'-5' exonuclease 
resistant properties of phosphorothioate nucleotide 
containing nucleic acid molecules are disclosed in Putney 
et al. (Proc. Natl. Acad. Sci- (U.S.A.) 78:7350-7354 

15 (1981)) and Gupta A. P. et al. (Nucl. Acids Res., 12:5897- 
5911 (1984) ) . 

The amplification primers can be used to 
generate amplified nucleic acid products by any in vitro 
amplification method known to those skilled in the art 

20 that uses a DNA dependent or RNA dependent DNA or RNA 

polymerase. The preferred method is the polymerase chain 
reaction (PGR) that involves template-dependent extension 
using thermally stable DNA polymerase (Mullis K et al. 
Cold Spring Harbor Symp. Quant. Biol. 51:263-273 (1986); 

25 Erlich H et al.,EP 50,424; EP 84,796, EP 258,017, EP 237- 
362; Mullis K., EP 201,184; Mullis, K. et al, U.S. Pat. 
No. 4,683,202; Erlich, H., U.S. Pat. No. 4,582,788; and 
Saiki, R. et al., U.S. Pat. No. 4,683,194), incorporated 
herein by reference. PGR achieves the amplification of a 

30 specific nucleic acid sequence using two oligonucleotide 
primers complementary to regions of the sequence to be 
amplified. Extension products incorporating primers then 
become templates for subsequent amplification steps. 
Reviews of the polymerase chain reaction are provided by 
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MulliS/ K.B.^ {supra}; Saiki^ R.K. et al., 
(Bio/Technology 3:1008-1012 (1985)); and Mullis, K,B. et 
al. (Meth. Enzymol. 155:335-350 (1987)), which is 
incorporated herein by reference. 

5 Other nucleic acid amplification procedures can 

be used and include transcription-based amplification 
systems (Kwoh, D, et al , , Proc. Natl. Acad. Sci. (U.S.A.) 
86:1173 (1989.)); Gingeras T.R. et al., PCT appl . WO 
88/10315 (priority: U.S. patent- application Ser. Nos. 

10 064,141 and 202,978); Miller, H.I. et al., PCT appl. WO 
89/06700 (priority: U.S. patent application Ser. No. 
146,462); Davey, C. et al., (European Patent Application 
Publication No. 329,822)), RNA-dependent RNA 
amplification (QP replicase (Kramer, F.R. et al., U.S. 

15 Pat. No- 4,786,600), and ligation-based amplification 
systems (Wu, D.Y. et al.. Genomics 4:560 (1989)). 

Amplification primers can be any length but are 
preferably as long as 90 nucleotides, preferably between 
14 to 50 nucleotides, more preferably between 17 and" 30 
20 nucleotides . 



In accordance with another embodiment of the 
invention, methods are provided for genotyping a nucleic 
acid sample comprising hybridizing an invention 
oligonucleotide to the nucleic acid sample, and 
25 preferably, performing a primer extension reaction . 

As used herein, the term ^^genotyping'' refers to 
determining the presence, absence or identity of a 
nucleotide base (e.g., a SNP) at a specific position in a 
target nucleic acid. First, a sample containing the 
30 target nucleic acid is treated, if such nucleic acid is 
double-stranded, so as to obtain unpaired nucleotide 
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bases spanning the specific position. If the target 
nucleic acid is single-stranded, this step is not 
necessary. Second, the sample containing the target 
nucleic acid is contacted with a genotyping 
5 oligonucleotide (also referred to as a genotyping primer) 
under hybridizing conditions. The genotyping 
oligonucleotide is capable of hybridizing with a stretch 
of nucleotide bases present in the target nucleic acid, 
adjacent the nucleotide base to be identified (e.g., a 

10 SNP) , so as to form a duplex between the genotyping oligo 
and the target nucleic acid. When the genotyping 
oligonucleotide is ^'immediately adjacent" the nucleotide 
base to be identified (e.g., a SNP), the genotyping 
oligonucleotide hybridizes with the target nucleic acid 

15 in such a way that either the 3' or 5' end of the 
genotyping oligonucleotide is complementary to a 
nucleotide on the target nucleic acid that is located 
immediately 5' or 3', respectively, of the nucleotide 
base to be identified (see, e.g.. Figure 2A and 2B) . It 

20 is also contemplated herein that the invention genotyping 
oligos can be fragments of the oligos in column 3 of the 
Table 1 (i.e., SEQ ID NO:4n+3, n=0-934) hybridizable to 
the target nucleic acid and adjacent to the nucleotide 
base to be identified such that the 3' end of the 

25 genotyping oligo is 1 up to 10, preferably 3 up to 6, 
nucleotides upstream from the nucleotide base to be 
identified in the target nucleic acid. 

As used herein , the phrase ^^primer extension" 
refers to enzymatic extension of the genotyping primer in 
30 the resultant duplex by one or more nucleotides, 

catalyzed, for example, by a DNA polymerase, and the 
like. Such primer extension thus depends on correct base 
pairing of the added nucleotide to the nucleotide base to 
be identified. 
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In one embodiment, the duplex of genotyping 
primer and target nucleic acid can then be contacted with 
a reagent containing at least two, but preferably four 
terminators, at least one of which terminators being . 
5 labeled. The duplex of genotyping primer and the target 
nucleic acid is contacted with the reagent under 
conditions permitting base pairing of a complementary 
terminator present in the reagent with the nucleotide 
base to be identified and the occurrence of a 

10 template-dependent, primer extension reaction so as to 
incorporate a terminator at the 3' end of the primer. 
The net result is that the genotyping primer has been 
extended by one terminator. Next, the presence or 
absence of a labeled terminator at the 3' end of the 

15 extended genotyping primer is detected. The identity of 
the labeled terminator indicates which terminator has 
base paired to the next base in the target nucleic acid. 
Since the terminator is complementary to the next base in 
the target nucleic acid, the identity of the next base in 

20 the target nucleic acid is thereby determined. 

It is also contemplated that the genotyping 
primer can be extended by a nucleic acid template- 
dependent ligation reaction. In such a reaction, a 
ligating oligonucleotide is used that hybridizes to the 

25 target nucleic acid only if the nucleotide residue 
corresponding to the SNP on the target molecule is 
complementary to the corresponding nucleotide on the 
ligating oligonucleotide. If such a ligating 
oligonucleotide hybridizes with the target nucleic acid, 

30 the ligating oligonucleotide and the genotyping 

oligonucleotide will be immediately adjacent each other. 
The genotyping primer and ligating primer can then be 
ligated by contacting the target nucleic acid, genotyping 
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primer and ligating oligonucleotide with a nucleic acid 
ligase. The ligation reaction can ligate the 5' end of 
the genotyping primer to the 3' end of the ligating 
primer, or alternatively, the ligation reaction can 
5 ligate the 3' end of the genotyping primer to the 5' end 
of the ligating primer. Either the genotyping primer or 
the ligating oligonucleotide can be labeled with a 
detectable marker. The detection of a ligation product 
indicates the presence of the SNP nucleotide targeted by 
10 the ligation .primer . 

As used herein, a detectable marker is any 
molecule or structure that can be detected by 
spectroscopic, scattering, emission, absorption, binding, 
or other known detection methods known in the art. 

15 Exemplary detectable markers include a radionuclide, a 

f luorochrome, a colorimetric agent, a magnetic substance, 
an electron-rich material such as a metal, a luminescent 
tag, or a detectable binding agent such as biotin. 
Preferably, the detectable marker is a fluorochrome or a 

20 detectable binding agent. More preferably, the 

detectable marker is a fluorescent dye or a detectable 
binding agent that can be bound by an antibody- In one 
embodiment, the detectable marker is biotin or 
fluorescein. A detectable binding agent refers to any 

25 substance that can bind a solid support, a probe 

molecule, or other molecule that binds the detectable 
binding agent and, in turn, is then detected or permits 
identification of the nucleic acid which is labeled with 
the detectable binding agent. For example, a detectable 
.30 marker can be biotin which is bound by an antibody 

specific to biotin, whereupon the antibody can then be 
detected in an ELISA-based assay. Other detectable 
markers known in the art may be used in the invention 
assay, for example, markers listed in the catalog of 
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Molecular Probes (Eugene^ OR), markers listed in the 
catalog of Synthegen (Houston, TX) , and markers listed in 
WO 98/59066, which are all herein incorporated by 
reference, 

5 It is further contemplated herein that one or 

more primer extension reactions, used in genotyping a^ 
nucleic acid sample comprising one or more different 
target nucleic acids, can be carried out in the same 
reaction vessel. In one embodiment, at least one 

10 terminator is labeled with a detectable marker. In 

another embodiment, one or more genotyping primers are 
each labeled with a detectable marker. Detection of 
identity of the SNPs on the one or more target nucleic 
acids can then be carried out using one of a variety of 

15 methods including spectroscopic detection of one, or more 
detectable markers, separation of one or more nucleic 
acid sequences used to identify the identity of the 
corresponding one or more SNPs. Such methods for the 
detection of one or more SNPs in a single reaction vessel 

20 are described in WO 98/59066, which is herein 
incorporated by reference. 

In a preferred embodiment, the primer extension 
reaction is a '"single-nucleotide primer extension'' as 
described, for example in United States Patent No. 

25 5,679,524 and in United States Patent No. 5,888,819, 

incorporated herein by reference in their entirety. In 
this method, a genotyping primer hybridizes with the 
target nucleic acid immediately adjacent the nucleotide 
base to be identified, so as to form a duplex between the 

30 genotyping primer and the target nucleic acid such that 
the nucleotide base to be identified is the first 
unpaired base in the template target nucleic acid 
immediately downstream of the 3' end of the genotyping 
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primer in the duplex of genotyping primer and target 
nucleic acid. In this embodiment, primer extension will 
add a single terminator residue which is complementary to 
the base to be determined in the target nucleic acid. 
5 Identification of the terminator will thus provide 

identification of the base on the target nucleic acid to 
be determined. 

Typically, two or more terminators are labeled, 
each labeled with a different detectable marker, thereby 

10 permitting simultaneous detection (and hence, 

identification) of the two or more labeled terminators. 
Preferably four terminators are labeled, each with a 
different detectable marker, thereby permitting 
simultaneous detection and identification of up to four 

15 labeled terminators. 

In the embodiment in which only one terminator 
is labeled (a first labeled terminator) , the above- 
described primer extension procedure can be repeated at 
least once, using a second labeled terminator that is 
20 different from the first labeled terminator. This 

process can be repeated once, twice or three times, using 
a different, labeled terminator for each repetition. 

As used herein, the phrase ^^nucleic acid 
sample" refers to one or more of target nucleic acids, 

25 which can be from any source. The sample of target 
nucleic acids can be natural or synthetic (i.e., 
synthesized enzymatically in vitro) . The sample of 
target nucleic acids can comprise deoxyribonucleic acids 
(DNAs), ribonucleic acids (RNAs) , or copolymers of 

30 deoxyribonucleic acid and ribonucleic acid. The target 
nucleic acid can be a deoxyribonucleic acid (DNA) , a 
ribonucleic acid (RNA) , or a copolymer of 
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deoxyribonucleic acid and ribonucleic acid. The target 
nucleic acid can be synthesized enzymatically in vivo, 
synthesized enzymatically in vitro, or synthesized 
non-enzymatically . The sample containing the target 
5 nucleic acid or acids can comprise genomic DNA from an 
organism, RNA transcripts thereof, or cDNA prepared from 
RNA transcripts thereof. The sample containing the 
target nucleic acid or acids can also comprise 
extragenomic DNA from an organism, RNA transcripts 
10 thereof, or cDNA prepared from RNA transcripts thereof. 
Preferably, the target nucleic acid or acids are 
synthesized by amplification methods described herein. 
More preferably, the target nucleic acid or acids are 
synthesized by the polymerase chain reaction. 

15 The sample can be taken from any organism, but 

is preferably human. Some examples of organisms to which 
the method of the subject invention is applicable include 
plants, microorganisms, viruses, birds, vertebrates, 
invertebrates, mammals, humans, horses, dogs, cows, cats, 

20 pigs, or sheep. For assay of genomic DNA, virtually any 
biological tissue samples can be used, including whole 
blood, semen, saliva, tears, urine, fecal material, 
sweat, buccal, skin and hair. Genomic DNA is typically 
amplified by PGR, and the like, before analysis. 

25 The target nucleic acid can comprise one or 

more moieties that permit affinity separation of the 
target nucleic acid from the unincorporated reagent 
and/or the primer. The target nucleic acid can comprise 
biotin which permits affinity separation of the target 

30 nucleic acid from the unincorporated reagent and/or the 
primer via binding of the biotin to streptavidin which is 
attached to a solid support. The sequence of the target 
nucleic acid can comprise a DNA sequence that permits 
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affinity separation of the target nucleic acid from the 
unincorporated reagent and/or the primer via base pairing 
to a complementary sequence present in a nucleic acid 
attached to a solid support. The target nucleic acid can 
5 be labeled with a detectable marker; this detectable 
marker can be different from any detectable marker 
present in the reagent or attached to the primer. 

In a preferred embodiment, the target nucleic 
acid sequence is synthesized by an amplification method 
10 and is modified at the 5' end to prevent hydrolysis by, 
for example, exonuclease activity, as described herein. 
See, for example. United States Patent 5,518,900, which 
describes a method for generating single-stranded nucleic 
acid molecules containing nuclease-resistant nucleotides. 

15 The genotyping primer can comprise one or more 

moieties that permit affinity separation of the primer 
from the unincorporated reagent and/or the target nucleic 
acid. The genotyping primer can comprise biotin which 
permits affinity separation of the primer from the 

20 unincorporated reagent and/or target nucleic acid via 
binding of the biotin to streptavidin which is attached 
to a solid support. The sequence of the genotyping 
primer can comprise a DNA sequence that permits affinity 
separation of the primer from the unincorporated reagent 

25 and/or the target nucleic acid via base pairing to a 

complementary sequence present in a nucleic acid attached 
to a solid support. 



In another embodiment of the invention, a 
method is provided for genotyping a nucleic acid sample 
30 comprising : 
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a) amplifying a target nucleic acid sequence 
that hybridizes to an oligonucleotide selected 
from the group of SEQ ID NOs consisting of 
4n+3, or complementary sequences thereof; and 

5 b) performing a single-nucleotide primer 

extension reaction employing an oligonucleotide 
comprising a nucleic acid selected from the 
group of SEQ ID NOs consisting of 4n+3, or 
complementary sequences thereof, 

10 wherein n=0 through 934 and is the same value in both 
steps a and b. 

As used herein, a target nucleic acid sequence 
that hybridizes to an oligonucleotide selected from the 
group of SEQ ID NOs consisting of 4n+3 or complementary 

15 sequences thereof refers to a target nucleic acid 

comprising a sequence substantially similar to at least a 
portion of nucleic acid of SEQ ID NO:4n+4, or 
complementary sequences thereof that hybridizes to a 
nucleic acid of SEQ ID NO:4n+3. Typically, such a target 

20 nucleic acid sequence will comprise the nucleic acid of 
SEQ ID NO:4n+4 with the exception of the nucleotide 
immediately adjacent the 3' end of the nucleic acid of 
SEQ ID NO:4n+3, which may or may not be present, where n 
is the same value for both SEQ ID NOs:4n+3 and 4n+4. 

25 In a further embodiment of the invention, a kit 

is provided which contains at least one ge.notyping 
primer. As used herein, a kit refers to a genotyping 
system in kit form, comprising at least one invention 
genotyping primer, and optionally further comprising 

30 chain termination reagent in combination with a DNA 
polymerase with or without an associated 3' to 5' 
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exonuclease function, and an appropriate salt and 
cof actor mixture, in a suitable packaging material. 
Invention kits are useful for assaying for the presence, 
or absence of a nucleotide at a specified location on one 
5 or more target nucleic acids. Preferably, the invention 
kit is useful for determining the identity of a 
nucleotide at a specified location on one or more target 
nucleic acids. To facilitate the assaying for the 
presence or absence, or determining the identity of the 
10 SNP nucleotide on the target nucleic acid, the invention 
kit provides a genotyping primer, one or more 
terminators, or both a genotyping primer and one or more 
terminators, that are labeled with a detectable marker. 

The conditions for the occurrence of the 
15 template-dependent, primer extension reaction can be 
created, in part, by the presence of. a suitable 
template-dependent enzyme. Some of the suitable 
template-dependent enzymes are DNA polymerases- The DNA 
polymerase can be of several types- The DNA polymerase 
20 must, however, be primer and template dependent. For 
example, E. coli DNA polymerase I or the "Klenow 
fragment" thereof, T4 DNA polymerase, T7 DNA polymerase 
( "Sequenase" ) , Thermus aquaticus DNA polymerase, or a 
retroviral reverse transcriptase can be used, RNA 
25 polymerases such as T3 or T7 RNA polymerase can also be 
used in some protocols. Depending upon the polymerase, 
different solution conditions and different temperature 
ranges are used for the hybridization and extension reactions - 

30 The reagents of the subject invention typically 

permit the typing of nucleic acids of interest by 
facilitating the analysis of the 3' terminal addition of 
terminators to a specific primer or primers under 
specific hybridization and primer extension conditions. 
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Using only one terminator in the chain termination 
reagent as the nucleoside triphosphate substrate ensures 
addition of only one nucleotide residue to the 3* 
terminus of the primer in the polymerase reaction. Using 
5 all four terminators simultaneously ensures fidelity, 
i.e., suppression of misreading. 

A genotyping primer of an invention kit 
comprises a genotyping primer as described above, which 
is capable of hybridizing to a target nucleic acid. An 

10 invention kit comprises one or more genotyping primers. 
In one embodiment of an invention kit, the genotyping 
primer (s) comprises any of SEQ ID NO:4n+3', or the 
complement thereof, where n=0 to 934 . In another 
embodiment the genotyping primer (s) comprises a portion 

15 of any of SEQ ID NO:4n+4, or the complement thereof, 
where n=0 to 934 . In yet another embodiment the 
genotyping primer (s) hybridizes with any of SEQ ID 
NO:4n-i-4, or the complement thereof, where n=0 to 934 . 

A suitable kit includes at least one invention 
20 genotyping primer, and optionally further comprising 
chain termination reagent in combination with a DNA 
polymerase with or without an associated 3' to 5' 
exonuclease function, and an appropriate salt and 
cofactor mixture, as a separately packaged chemical 
25 reagent (s) in an amount sufficient for at least one 

assay- Instructions for use of the packaged reagent are 
also typically included. Those of skill in the art can 
readily incorporate invention genotyping primers into kit 
form in combination with appropriate buffers and 
30 solutions for the practice of the invention methods as 
described herein. 
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In another embodiment, an invention kit 
comprises a genotyping primer and two amplification 
primers. This kit can also, comprise chain termination 
reagent in combination with a DNA polymerase with or 
5 without an associated 3' to 5 ' exonuclease function, and 
an appropriate salt and cofactor mixture to be used in 
conjunction with the genotyping primer, and can also 
comprise nucleotide reagent in combination with a DNA 
polymerase with or without an associated 3' to 5 * 

10 exonuclease function, and an appropriate salt and 
cofactor mixture to be used in conjunction with the 
amplification primers, in a suitable packaging material. 
Such invention kits are useful for (1) amplifying one or 
more target nucleic acid sequences in a nucleic acid 

15 sample and (2) assaying for the presence or absence of a 
nucleotide at a specified location on one or more target 
nucleic acids. Preferably, invention kits are useful for 
(1) amplifying one or more target nucleic acid sequences 
in a nucleic acid sample and (2) determining the identity 

20 of a nucleotide at a specified location on one or more 
target nucleic acids - 

Preferably, a kit comprising one genotyping 
primer and two amplification primers comprises a 
genotyping primer that hybridizes to the sequence SEQ ID 
25 NO:4n+4 and amplification primers of the sequence SEQ ID 
N0s:4n-fl and 4n+2, where n=0 through 934 and the three 
oligonucleotides correspond to SEQ ID NOs having the same 
value for n. 

More preferably, a kit comprising one 
30 genotyping primer and two amplification primers comprises 
a genotyping primer of the sequence SEQ ID NO:4n+3 and 
amplification primers of the sequence SEQ ID N0s:4n+1 and 
4n+2, where n=0 through 934 and the three 
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oligonucleotides correspond to three consecutive SEQ ID 
NOs having the same value for n. 

In yet another embodiment of the invention, a 
kit comprises two amplification primers. This kit can 
5 also comprise nucleotide reagent in combination with a 
DNA polymerase with or without an associated 3' to 5' 
exonuclease function, and an appropriate salt and 
cofactor mixture to be used in conjunction with the 
amplification primers, in a suitable packaging material. 
10 Such invention kits are useful for amplifying one or more 
target nucleic acid sequences in a nucleic acid sample. 

A termination reagent of an invention kit 
refers to a reagent comprising at least one terminator. 
Preferably, a termination reagent comprises two 

15 terminators. More preferably, a termination reagent 
comprises three terminators. Most preferably, a 
termination reagent comprises four terminators- A 
termination reagent will comprise one or more terminators 
labeled with a detectable marker. Preferably, "a 

20 termination reagent comprises two or more terminators 
labeled with a detectable marker. More preferably, a 
termination reagent comprises three or more terminators 
labeled with a detectable marker. Most preferably, a 
termination reagent comprises four or more terminators 

25 labeled with a detectable marker. 

A nucleotide reagent of an invention kit for 
use in an amplification reaction refers to a reagent 
comprising at least one nucleotide triphosphate. 
Preferably, a nucleotide reagent comprises two nucleotide 
30 triphosphates. More preferably,, a nucleotide reagent 
comprises three nucleotide triphosphates. Most 
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preferably^ a nucleotide reagent comprises four 
nucleotide triphosphates . 

In a particularly preferred embodiment, an 
invention kit comprises a collection reagents termed 
5 ''Master Mix" as described in Example I. Exemplary Master 
Mix 2x is as follows: 768 mL of sterile, distilled water 
200 mL of lOxPCR salts (100 mM Tris-HCl, pH 8.5, 500 mM 
KCl, 15 mM MgCl2 and 0.01% Gelatin) and 8 mL of each dNTP 
stock dOO mM stocks of deoxyribonucleotide triphosphates 

10 dATP, dCTP, dGTP, and dTTP) in sterile, distilled H2O. 

The final composition being: 50 mM Tris-HCl, pH 8.5, 100 
mM KCl, 3 mM MgClg, 0.002% Gelatin, and 800 ]M each dNTP, 
This solution can be stored at -20°C until use. Master 
mix can be prepared in a variety of different 

15 concentrations, described as a function of x, as the 

above example depicts 2x Master Mix. The concentration 
of the master mix employed herein may vary from 0.5x, Ix, 
2x, or 5x, to as high as lOx, 20x, or 50x. Preferably, 
the master mix is from 2x to 5x. 

20 In addition, in place of Tris-HCl, any other 

buffer which does not interfere with the enzymatic and/or 
detection processes of required to detect the presence, 
absence or identity of a SNP may be used. Such buffers 
include the so-called "'Good buffers", and other organo- 

25 amino based buffers, and the like. Similarly, the pH may 
be adjusted to any range capable of carrying out the 
desired processes. The pH may range from as low as about 
6.0, 7.0, or 8.0, to as high as about 8.5, 8.7, or 9.0. 
Preferably, the pH ranges from about 7 , 0 to about 8.7. 

30 More preferably, the pH ranges from about 8.0 to about 

8.5. Buffer concentration may vary from as low as 10 mM, 
25 mM or 50 mM, to as high as 75 mM, 100 mM or 200 mM. 
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Preferably, the buffer concentration is from 25 itiM to 100 
mM. 

In place of KCl, other monovalent-cation salts 
can be used. Other exemplary monovalent-cation salts 
5 include salts with the cation: NH^*, alkalai metal ions 
Li*, Na*", Rb*, Cs*, and other monovalent cations. The 
anion can be any anion which does not adversely influence 
the amplification reaction. Exemplary anions are halide 
anions, F", CI", Br", I", and other anions such as 
10 phosphate, sulfate, nitrate, and the like. The 

concentration of the monovalent salt can be as low as 15 
mM, 40 mM, or 75 mM, to as high as 100 mM, 150 mM or 250 
mM. Preferably, the monovalent-cation salt concentration 
is from about 75 to 150 mM. 

15 In place of MgCl2f other divalent-cation salts 

can be used. Other exemplary divalent-cation salts 
include salts with the cation: Mg^^ Ca^^ Mn^^ Cu^^ Zn^*, 
Cd^*, and other divalent cations. The anion can be any 
anion which does not adversely influence the 

20 amplification reaction. Exemplary anions are halide 
anions, F", CI', Br", I", and other anions such as 
phosphate, sulfate, nitrate, and the like. The 
concentration of the divalent salt can be as low as 0.5 
mM, 1 mM, or 3 mM, to as high as 5 mM, 10 mM or 25 mM. 

25 Preferably, the divalent-cation salt concentration is 
from about 1 mM to 10 mM. 

In place of gelatin, other volume exclusion 
agents can be used such as polyvinyl pyrrolidone, 
polyethlene glycol, polyacrylamide, linear 
30 polyacrylamide, and the like. The volume exclusion 
reagent can be absent, or can be as low as 0.0001%, 
0.0005% or 0.001%, to as high as 0.002%, 0.005% or 0.02%. 
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Preferably, the volume exclusion agent is about 0.001% to 
0.005%. 

The concentration of each of dCTP, dGTP, dATP 

and dTTP (i.e., the dNTPs) can vary in concentration from 

5 250 ^M, 500 fiM, or 800 |iiM, to 1 mM, 1 . 5 mM or 2 . 5 mM . 

Preferably, the concentration of the dNTPs is about 500 
jiM to 1 mM. 

As employed herein, the phrase "packaging 

material" refers to one or more physical structures used 

10 to house the contents of the kit, such as invention 

primers, and the like. The packaging material is 

constructed by well known methods, preferably to provide 

« 

a sterile, contaminant-free environment. The packaging 
material has a label which indicates that the invention 

15 probes can be used for determining the presence or 

absence of, or preferably the identity of, a particular 
nucleotide on a target nucleic acid, thereby genotyping 
the target nucleic acid. In addition, the packaging 
material contains instructions indicating how the 

20 materials within the kit are employed to determine the 
presence or absence of, or preferably the identity, of, a 
particular nucleotide on a target nucleic acid. 

The packaging materials employed herein in 
relation to diagnostic systems are those customarily 

25 utilized in nucleic acid-based assay systems. As used 
herein, the term "package" refers to a solid matrix or 
material such as glass, plastic, paper, foil, and the 
like, capable of holding within fixed limits an isolated 
nucleic acid, oligonucleotide, or primer of the present 

30 invention. Thus, for example, a package can be a glass 
vial used to contain milligram quantities of a 
contemplated nucleic acid, oligonucleotide or primer, or 



wo 01/29262 



35 



PCT/USOO/28436 



it can be a microtiter plate well to which microgram 
quantities of a contemplated nucleic acid probe have been 
operatively affixed. 

"Instructions for use" typically include a 
5 tangible expression describing the reagent concentration 
or at least one assay method parameter, such as the 
relative amounts of reagent and sample to be admixed, 
maintenance time periods for reagent /sample admixtures, 
temperature, buffer conditions, and the like. 

It is contemplated herein that each of the 
genotyping and amplification primers described herein can 
be used in the invention methods of genotyping nucleic 
acid samples, for example, to assess by association 
analysis the genotype of an individual, or group of 
individuals, having a pathological phenotypic trait 
suspected of being caused by one or more single 
nucleotide polymorphisms. Phenotypic traits suitable for 
association analysis include diseases that have known but 
yet unmapped* genetic components, e. g., 
agammaglobulinemia, diabetes insipidus, Lesch-Nyhan 
syndrome, muscular dystrophy, Wiskott-Aldrich syndrome, 
Fabry's disease, familial hypercholesterolemia,, 
polycystic kidney disease, hereditary spherocytosis, von 
Willebrand's disease, tuberous sclerosis, hereditary 
hemorrhagic telangiectasia, familial colonic polyposis, 
Ehlers-Danlos syndrome, osteogenesis imperfecta, and 
acute intermittent porphyria, and the like. 

Phenotypic traits also include symptoms of, or 
susceptibility to, multifactorial diseases of which a 
30 component is or may be genetic, such as autoimmune 

diseases, inflammation, cancer, system, diseases of the 
nervous system and infection by pathogenic 
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microorganisms. Some examples of autoimmune diseases 
include rheumatoid arthritis, multiple sclerosis, 
diabetes (insulindependent and non-independent) , systemic 
lupus erythematosus and Graves disease, and the like. 
5 Some examples of cancers include cancers of the bladder, 
brain, breast, colon, esophagus, kidney, oral cavity, 
ovary, pancreas, prostate, skin, stomach, leukemia, 
liver, lung, and uterus, and the like. 

Phenotypic traits also include characteristics 
10 such as longevity, appearance (e. g., baldness, obesity), 
strength, speed, endurance, fertility, and susceptibility 
or receptivity to particular drugs or therapeutic 
treatments . 



. Such correlations can be exploited in several 

15 ways. In the case of a strong correlation between a 
polymorphic form and a disease for which treatment is 
available, detection of the polymorphic form set in a 
human or animal patient may justify., immediate 
administration of treatment, or at least the institution 

20 of regular monitoring of the patient. Detection of a 
polymorphic form correlated with serious disease in a 
couple contemplating a family may also be valuable to the 
couple in their reproductive decisions. For example, the 
female partner might elect to undergo in vitro 

25 fertilization to avoid the possibility of transmitting 
such a polymorphism from her husband to her offspring. 
In the case of a weaker, but still statistically 
significant correlation between a polymorphic set and 
human disease, immediate therapeutic intervention or 

30 monitoring may not be justified. Nevertheless, the 
patient can be motivated to begin simple life-style 
changes (e. g., diet, exercise) that can be accomplished 
at little cost to the patient but confer potential 
benefits in reducing the risk of conditions to which the 
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patient may have increased susceptibility by virtue of 
variant alleles. After determining polymorphic form(s) 
present in an individual at one or more polymorphic 
sites, this information can be used in a number of 
5 methods . 

In addition, determination of which polymorphic 
forms occupy a set of polymorphic sites in an individual 
identifies a set of polymorphic forms that distinguishes 
the individual. See generally. National Research 

10 Council, The Evaluation of Forensic DNA Evidence (Eds. 

Pollard et al., National Academy Press, DC, 1996). Thus, 
each of the genotyping and amplification primers 
described herein can be used in the invention methods of 
genotyping nucleic acid samples, for example, to identify 

15 a distinguishing or unique set of forensic markers in an 
individual useful for forensic analysis. For example, 
one can determine whether a blood sample from a suspect 
matches a blood or other tissue sample from a crime scene 
by determining whether the set of polymorphic forms 

20 occupying selected polymorphic sites is the same in the 
suspect and the sample. If the set of polymorphic 
markers does not match between a suspect and a sample, it 
can be concluded (barring experimental error) that the 
suspect was not the source of the sample. If the set of 

25 markers does match, one can conclude that the DNA from 
the suspect is consistent with that found at the crime 
scene. If frequencies of the polymorphic forms at the 
loci tested have been determined (e. g., by analysis of a 
suitable population of individuals) , one can perform a 

30 statistical analysis to determine the probability that a 
match of suspect and crime scene sample would occur by 
chance (see, e.g, WO 95/12607) . If several polymorphic 
loci are tested, the cumulative probability of non- 
identity for random individuals becomes very high (e. g.. 
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one billion to one) . Such probabilities can be taken 
into account together with other evidence in determining 
the guilt or innocence of the suspect. 

In addition^, each of the genotyping and 
5 amplification primers described herein can be used in the 
invention methods of genotyping nucleic acid samples, for 
I example, to identify a distinguishing or unique set of 

markers in an individual useful for paternity analysis. 
The object of paternity testing is usually to determine 

10 whether a male is the father of a child. In most cases, 
the mother of the child is known and thus, the mother's 
contribution to the child's genotype can be traced. 
Paternity testing investigates whether the part of the 
child's genotype not attributable to the mother is 

15 consistent with that of the putative father. Paternity 
testing can be performed by analyzing sets of 
polymorphisms in the putative father and the child. If 
the set of polymorphisms in the child attributable to the 
father does not match the putative father, it can be 

20 concluded, barring experimental error, that the putative 
father is not the real father. If the set of 
polymorphisms in the child attributable to the father 
does match the set of polymorphisms of the putative 
father, a statistical calculation can be performed to 

25 determine the probability of coincidental match (see, 
e.g., WO 95/12607). If several polymorphic loci are 
included in the analysis, the cumulative probability of 
exclusion of a random male is very high. This 
probability can be taken into account in assessing the 

30 liability of a putative father whose polymorphic marker 
set matches the child's polymorphic marker set 
attributable to his/her father. 
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The single nucleotide polymorphisms set forth 
in column 4 of Table 1 (also referred to herein as SEQ ID 
NO:4n+4^ wherein n=0 through 934) may contribute to the 
phenotype of an organism in different ways. Some of 
5 these polymorphisms may occur within a protein coding 

sequence and contribute to phenotype by affecting protein 
structure. The effect may be neutral^ beneficial or 
detrimental, or both beneficial and detrimental, 
depending on the circumstances. For example, a 

10 heterozygous sickle cell mutation confers resistance to 
malaria, but a homozygous sickle cell mutation is usually 
lethal. Others of these polymorphisms may occur in 
noncoding regions but may exert phenotypic effects 
indirectly via influence on replication, transcription, 

15 and translation. A single polymorphism may affect more 
than one phenotypic trait. Likewise, a single phenotypic 
trait may be affected by polymorphisms in different 
genes. Further, some of these polymorphisms may 
predispose an individual to a distinct mutation that is 

20 causally related to a certain phenotype. 

Phenotypic traits include diseases that have 
known but yet unmapped genetic components. Phenotypic 
traits also include symptoms of, or susceptibility to, 
multifactorial diseases of which a component is or may be 
25 genetic, such as autoimmune diseases, inflammation, 

cancer, diseases of the nervous system, and infection by 
pathogenic microorganisms. Some examples of autoimmune 
diseases include rheumatoid arthritis, multiple 
sclerosis, diabetes (insulin-dependent and non- 
30 independent), systemic lupus erythematosus and Graves 

disease. Some examples of cancers include cancers of the 
bladder, brain, breast, colon, esophagus, kidney, 
leukemia, liver, lung, oral cavity, ovary, pancreas, 
prostate, skin, stomach and uterus. Phenotypic traits 
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also include characteristics such as longevity, 
appearance (e. g., baldnessr obesity), strength, speed, 
endurance, fertility, and susceptibility or receptivity 
to particular drugs or therapeutic treatments. 

5 Correlation is performed for a population of 

individuals who have been tested for the presence or 
absence of a phenotypic trait of interest arid for 
polymorphic markers sets. To perform such analysis^ the 
presence or absence of a single or a . set of polymorphisms 

10 (i. e. a polymorphic set) is determined for a set of the 
individuals^ some of whom exhibit a particular trait, and 
some of which exhibit lack of the trait. The alleles of 
each polymorphism of the set are then reviewed to 
determine whether the presence or absence of a particular 

15 allele is associated with the trait of interest. 

Correlation can be performed by standard statistical 
methods such as a chi-squared test and statistically 
significant correlations between polymorphic form(s) and 
phenotypic characteristics are noted. For example, it 

20 might be found that the presence of allele Al at 

polymorphism A correlates with heart disease. Such 
correlations can be exploited in several ways as set 
forth above. 

For example, in the case of a strong 
25 correlation between a set of one or more polymorphic 
forms and a disease for which treatment is available, 
detection of the polymorphic form set in a human or 
animal patient may justify immediate administration of 
treatment, or at least the institution of regular 
30 monitoring of the patient. Thus, the methods of 

genotyping nucleic acid samples described herein can be 
used, for example, to diagnose any of more than 3000 
genetic diseases currently known or to be identified. 
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e.g., hemophilias, thalassemias, Duchene Muscular 
Dystrophy (DMD), Huntington's Disease (HD) , Alzheimer's 
Disease and Cystic Fibrosis (CF) , and the like. 

It is also contemplated herein that each of the 
5 genotyping and amplification primers described herein can 
be used in the invention methods of genotyping nucleic 
acid samples, for example, for assessing the 
pharmacogenomic susceptibility of a subject harboring a 
single nucleotide polymorphism to a particular 

10 pharmaceutical compound, or to a class of such compounds. 
Genetic polymorphism in drug metabolizing enzymes, drug 
transporters, receptors for pharmaceutical agents, and 
other drug targets have been correlated with individual 
differences based on distinction in the efficacy and 

15 toxicity of the pharmaceutical agent administered to a 
subject. Pharmocogenomic characterization of a subjects 
susceptibility to a drug enhances the ability to tailor a 
dosing regimen to the particular genetic constitution of 
the subject, thereby enhancing and optimizing the 

20 therapeutic effectiveness of the therapy. 

All U.S. patents and all publications mentioned 
herein are incorporated in their entirety by reference 
thereto. The invention will now be described in greater 
detail by reference to the following non-limiting 
25 examples. 
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Exaittples 
Example I 

Preparation of 2x Master Mix for PGR 

A component of genotyping using SNPE is 
5 accurate and efficient amplification of the nucleic acid 
region being tested for the SNP. To facilitate control 
of the PGR used, a reaction mixture, referred to herein 
as ''2x Master Mix," has been produced to achieve more 
successful PCRs. 

10 2x Master Mix was prepared as follows: lOxPCR 

salts was 100 mM Tris-HCl, pH 8.5, 500 mM KCl, 15 mM MgClz 
and 0.01% Gelatin, stored in a -20°C freezer. 100 mM 
stocks of deoxyribonucleotide triphosphates dATP, dCTP, 
dGTP, and dTTP (dNTPs) (LTI, Bethesda, MD) were made in 

15 sterile, distilled HjO. To 768 mL of sterile, distilled 
water 200 mL of lOxPCR salts and 8 mL of each dNTP stock 
was added. The final composition was: 50 mM Tris-HCl, pH 
8.5, 100 mM KCl, 3 mM MgClz/ 0.002% Gelatin, and 800 pM 
each dNTP. The solution was stored at -20'^C until use. 

20 

Example II 

Single Nucleotide Polymorphism Detection by Single 
Nucleotide Primer Extension (SNPE) 

Single nucleotide polymorphisms are the most 
25 common form of genetic diversity and are thought to be 
direct and indirect markers of many human diseases. The 
following example shows the use of Single Nucleotide 
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Primer Extension (SNPE) to identify the presence of SNPs. 
The method of SNPE is the subject of US Patent 5,888,819 
and more recently described in detail by Reynolds et al- 
in DNA Markers: Protocols f Applications ^ and Overviews 
5 (ed, G. Caetano-Anolles) , pp. 199-211, Wiley-Liss, New 
York, NY (1997), both of which are herein incorporated by 
reference . 

The amplification primers listed herein (Table 
1, columns 1 and 2) were selected to amplify the 
10 corresponding SNP-containing oligo in column 4, forming a 
PGR amplified target nucleic acid such that the primers 
do not overlap the corresponding genotyping (SNPE) primer 
in column 3. 



SNPE primers were designed to be complementary 
to the phosphorothioate-modif ied strand of the PGR 
product target nucleic acid and ending one nucleotide 
base short 3' to the polymorphic site to be interrogated 
as described (Reynolds et al., supra). Either DNA strand 
can be a target for the SNPE primer as long as the 
phosphorothioate-modif ied strand of the PGR product is 
the complementary strand. 

All oligonucleotides were synthesized by 
standard phosphoramidite chemistry on a PE Biosystems 
392/394 DNA Synthesizer using Glen Research (Sterling, 
25 VA) reagents. Tetraethylthiuram sulfide (TETD; PE 
Biosystemsr Foster Gity, GA) was used for 
phosphorothioate modification as per manufacturer's 
instructions. All oligonucleotides were deprotected in 
concentrated ammonia and desalted using NAP5 or NAP25 gel 
30 filtration columns (Amersham Pharmacia Biotech, 

Piscataway, NJ) as per manufacturer's instructions. 
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Genomic DNA from genetically diverse human 
individuals purchased from the Coriell Institute for 
Medical Research (Camden, NJ) was the source of DNA for 
PGR amplifications. The DNA sample was diluted with 
5 sterile, distilled H2O to a final concentration of 5 ng/pL 
before use. 

PGR amplification of 10 ng of template genomic 
DNA was performed in 384-well plates under the following 
conditions: 10 mM Tris-HCl, pH 8.5, 50 mM KCl, 1.5 mM 

10 MgClz, 0.001% gelatin, 400 pM each of dATP, dCTP, dGTP, 
and dTTP, (from the 2x Master Mix) and 0.050 U/pL 
Platinum Tag (Thermus aquaticus) ^DNA polymerase, (LTI, 
Bethesda, MD) using 0.5 pM each primer concentration in a 
total volume of 5 pL. The PGR amplification was 

15 performed in a PTC-225 DNA Engine Tetrad thermocycler (MJ 
Research, Watertown, MA) using the following protocol: 
following a 2 minute denaturation step at 95°G thirty- 
five cycles were carried out, each consisting of 
denaturation (30 seconds at 94^C) , annealing (2 minutes 

20 at 55°G) , and extension (30 seconds at 72*^0 steps. This 
was followed by a final extension step (1 min at 72^C) 
and hold (4°C) . 

Single stranded target nucleic acid DNA was 
prepared from the double-stranded PGR product by 

25 treatment with a 5 '-3' DNA exonuclease. Briefly, 5 pL T7 
gene 6 exonuclease (United States Biologicals, 
Swampscott, MA) in 0.5 M Tris-HCl, pH 7.5, 1 mM 
Dithiothreitol (DTT), and 0.01% acetylated Bovine Serum 
Albumin (BSA) was added to a final concentration of 0.45 

30 U/pL and incubated for one hour at room temperature. 

The reaction was terminated by the addition of 5 pL of 3 
X SNPE Salt (4.5M NaCl, 30 mM EDTA, and 3 mM 
cetyltrimethylammonium bromide (CTAB) ) . The DNA created 
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by PGR originating from the phosphorothioated primer is 
protected from nuclease digestion whereas the opposite 
strand with the unmodified primer is digested and hence 
will not interfere with the hybridizing strand to the 
5 immobilized genotyping (SNPE) primer. 

The SNPE primer of interest was attached to a 
polystyrene 384-well plate (NUNC) . Briefly, 20 yiL 
aliquots of 0.25 pM SNPE oligonucleotide in 50 mM N^N- 
dimethyloctylamine hydrochloride, pH 7.0 (ODA; Segma- 
Aldrich, Milwaukee, WI) was added to each well and 
incubated overnight at 37°C. The plates were washed with 
TNTw (10 mM Tris-HCl, pH 7.5, 150 mM NaCl, 0.05% Tween- 
20) three times and once with IxTE/ISOH (10 mM Tris-HCl, 
pH 7.5, 150 mM NaCl, 10% isopropanol) • The plates were 
incubated upside down at 50*^C for 30 minutes prior to 
storage in sealed pouch with dessicant. 15 pL of the 
exonuclease digestion product was added to the 
appropriate well and the single-stranded PCR product was 
allowed to hybridize for 30 minutes at room temperature. 
All wells were subsequently washed with TNTw three times . 

An exonuclease (-) version of the Klenow 
Fragment of E. coli DNA Polymerase I (United States 
Biologicals, Swampscott, MA) was used for template- 
directed single nucleotide extension of the SNPE primer. 
25 Briefly, the enzyme was diluted in a buffer containing 10 
mM Tris-HCl, pH 7.5, 5 mM DTT and 0.5 mg/mL BSA. The 
extension reaction was performed in 20mM Tris-HCl, pH 
7.5, 10 mM MgCls/ 25mM NaCl, 10 mM MnCla/ 15 mM Sodium 
Isocitrate, 1.5 ]iM each of the four 2', 3'- 
30 dideoxynucleoside 5 ' -triphosphates (ddNTPs), ddATP, 

ddCTP, ddTTP, ddGTP. Two of the ddNTPs were unlabeled, 
one was labeled, with biotin, e.g. 2', 3 ' -dideoxyuridine 
5 '-triphosphate (biotin-ddUTP) , and one labeled with 
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fluorescein, e.g, f luorescein-labeled 2', 3'- 
dideoxycytosine 5 ' -triphosphate (f luoresceinated-ddCTP) . 
The determination of which labeled ddNTPs to use depends 
on the nucleotide identity of the presumed SNP. For 
5 example, a suspected C to T mutation can be assayed using 
a mix of ddATP, f luorescein-ddCTP, ddGTP, and biotin- 
ddUTP. The enzyme concentration was 0.02 \}/\iL and the 
reaction was performed at room temperature for 30 
minutes. The plates were washed with TNTw three times, 
10 then 0.2N NaOH, and then three times with TNTw. 

Detection of the extended primers was performed 
by standard ELISA techniques using two nucleotide- 
specific labeled antibody conjugates. The dilutions of 
each are determined empirically for each antibody lot to 

15 achieve approximately equal intensity for the two 

colorimetric signals in the presence of both alleles. 
Briefly, the wells were incubated for 30 minutes at room 
temperature with 10 pL of 1% fraction V BSA (Sigma, St. 
Louis, MO) in TNTw containing an alkaline phosphatase 

20 conjugate of antif luorescein (1:2000 dilution) 

(Boehringer Mannheim, Indianapolis, IN) . After washing 
with TNTw six times, the presence of alkaline phosphatase 
was determined first by the addition pf 25 ]iL per well of 
a 1.5 mg/mL solution of p-nitrophenyl phosphate (Moss, 

25 Pasadena, MD) in 100 mM diethanolamine, pH 9.5, 20 mM 

MgCl2. The plate was immediately placed in a microplate 
reader (ICN, Costa Mesa, CA) and the development of color 
monitored spectrophotometrically at a wavelength of 405 
nm after 24 minutes in an endpoint assay. Next, the 

30 detection of biotinylated-ddNTP was performed. The wells 
were incubated for 30 minutes at room temperature with 10 
]iL of 1% fraction V BSA in TNTw containing a horseradish 
peroxidase-conjugated antibiotin (1:500 dilution) (Zymed, 
San Francisco, CA) . The plates were then washed three 
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times with TNTw and the presence of fluorescein was 
determined by the addition of 25 |iL of a 1 mg/ml solution 
of tetramethylbenzidine (TMB; Moss, Pasadena, MD) • The 
plate was immediately placed in a microplate reader and ' 
5 the development of color monitored spectrophotometrically 
at a wavelength of 620 nm after 24 minutes in an endpoint 
assay. 

A scatterplot of the raw data of OD405 v. OD620 
was used in the visual determination of sample genotypes. 

10 A polymorphism is identified when three distinct clusters 
are seen in the positive regions of the scatterplot. 
These correspond to individuals that are homozygous, 
forming one cluster that is positive for OD405 and another 
that is positive for OD620/ or heterozygous, forming a 

15 third cluster that is positive for OD405 and ODggo- 

Figure 3 shows a scatterplot that was 
classified polymorphic. The PGR primers used were 
oligonucleotides of SEQ ID NOS:25 and 26 (Ref No. 261, 
Table 1) . The SNPE primer used was an oligonucleotide 

20 with SEQ ID NO: 27. The targeted nucleic acid with the 
suspected polymorphism contains the sequence of SEQ ID 
NO: 28. SNPE was performed using f luorescein-ddCTP and 
biotin-ddUTP. The Y-axis corresponds to signal obtained 
from ddUTP incorporation and the X-axis corresponds to 

25 signal obtained from ddCTP incorporation. Note that 

there are clusters where each allele tested is positive 
(CC or TT) and where both alleles are positive (CT) . 
This is an example where a SNP is identified. Note that 
there is another cluster about the origin which 

30 corresponds to no signal (NS) due to PGR failure. 

Table 1 lists the invention oligonucleotides 
disclosed herein. Each row provides two PGR primers used 
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to amplify the target DNA comprising a certain SNP 
(Columns 1 and 2), one genotyping oligonucleotide (Column 
3; referred to as a SNPE primer) used to probe the 
identity of the base at the location in the sequence 
5 corresponding to that SNP) , and sequence of the region 
flanking the site of that SNP (Column 4) . A "^P" listed 
to the right of a PCR primer denotes a phosphorothioation 
of that primer at its 5' end. In this embodiment, such a 
phosphorothioation refers to the five most 5' nucleotides 

10 of one of the two PCR primers being linked by four 

exonuclease-resistant phosphorothioated linkages (e.g. , 
5' C- (p) -G- (p) -C- (p) -A- (p) -GTCTCAGGCCAGCT 3', for SEQ ID 
N0:2, where "^-(p)-"" represents a phosphorothioate 
linkage) . While phosphorothioation sites are listed for 

15 the specific residues herein^ it is understood that other 
modifications which confer exonuclease resistance can 
serve as equally desirable substitutes. 

In this particular embodiment, nucleotides 
labeled as "X" refer to C3 linkers placed in the 
20 corresponding sequences at the location of the X. While 
C3 linkers are listed herein, it is understood that other 
single-nucleotide-spacers can serve as equally desirable 
substitutes . 



The sequences of Table 1 are arranged in the 
25 same manner as the SEQ ID NOs are listed. Accordingly, 
the nucleic acids of SEQ ID NOs:l, 2, 3 and 4 correspond 
to the nucleic acids in Row 1, Columns 1, 2, 3 and 4, 
respectively. Similarly, the nucleic acids of SEQ ID 
NOs: 5, 6, 7 and 8 correspond to the nucleic acids in Row 
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2, Columns 1^ 2, 3 and 4, respectively- Therefore, a 
general formula can be established to describe the SEQ ID 
NO of each nucleic acid: 

SEQ ID N0= (4 X (Row Number - 1) ) + Column Number 
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While the invention has been described in 
detail with reference to certain preferred embodiments 
thereof^ it will be understood that modifications and 
variations are within the spirit and scope of that which 
5 is described and claimed. 
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We claim: 



1. An oligonucleotide comprising a nucleic 
acid sequence selected from the group of SEQ ID NOs 
consisting of SEQ ID NO:4n+3, or complementary sequences 

5 thereof, wherein n=0 through 934. 

2. The oligonucleotide of claim 1, wherein X, 

when present in said oligonucleotide, corresponds to a 
single-nucleotide-spacer selected from the group 
consisting of anucleosidic moieties, abasic moieties, 
10 non-naturally occurring nucleotide analogs, and non- 
Watson/Crick base moieties. 



3. An oligonucleotide comprising a nucleic 
acid that hybridizes with a first portion of nucleic acid 
selected from the group of SEQ ID NOs consisting of SEQ 

15 ID NO:4n+4, or complementary sequences thereof, wherein 
said first portion to which said oligonucleotide 
hybridizes also hybridizes with a nucleic acid selected 
from the group of SEQ ID NOs consisting of SEQ ID 
NO:4n+3, and wherein said oligonucleotide does not 

20 hybridize with a nucleotide base on said SEQ ID NO:4n+4, 
or complementary sequences thereof, corresponding to the 
nucleotide immediately adjacent the 3' end of said SEQ ID 
NO:4n+3, wherein n=0 through 934 and n is the same value 
for both SEQ ID NO:4n+4 and SEQ ID NO:4n+3. 

25 4 • An oligonucleotide comprising a nucleic 

acid that hybridizes with a first portion of nucleic acid 
selected from the group of SEQ ID NOs consisting of SEQ 
ID NO:4n+4, or complementary sequences thereof, wherein 
said oligonucleotide does not hybridize with a second 

30 portion of said SEQ ID NO:4n+4, or complementary 

sequences thereof, wherein said second portion of said 
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SEQ ID NO:4n+4, or complementary sequences thereof^ 
hybridizes with a nucleic acid selected from the group of 
SEQ ID NOs consisting of SEQ ID NO:4n+3, and wherein said 
second portion of said SEQ ID NO:4n+4/ or complementary 
5 sequences thereof, also includes a nucleotide base on 
said SEQ ID NO:4n+4, or its complement thereof, 
corresponding to the nucleotide immediately adjacent the 
3' end of said SEQ ID NO:4n+3, wherein n=0 through 934 
and n is the same value for both SEQ ID NO:4n+4 and SEQ 
10 ID NO:4n+3. 

5. An oligonucleotide comprising a first 
portion of nucleic acid selected from the group of SEQ ID 
NOs consisting of SEQ ID NO:4n+4, or complementary 
sequences thereof, wherein said oligonucleotide excludes 
a second portion of said SEQ ID NO:4n+4, or complementary 
sequences thereof, wherein said second portion of said 
SEQ ID NO:4n+4, or complementary sequences thereof, 
hybridizes with a nucleic acid selected from the group of 
SEQ ID NOs consisting of SEQ ID NO:4n+3, and wherein said 
second portion of said SEQ ID NO:4n+4, or complementary' 
sequences thereof, also includes a nucleotide base on 
said SEQ ID NO;4n+4, or its complement thereof, 
corresponding to the nucleotide immediately adjacent the 
3' end of said SEQ ID NO:4n+3, wherein n=0 through 934 
and n is the same value for both SEQ ID NO:4n+4 and SEQ 
ID NO:4n+3. 

6. An oligonucleotide comprising a nucleic 
acid sequence selected from the group of SEQ ID NOs 
consisting of SEQ ID N0:4n+1, or complementary sequences 

30 thereof, wherein n=0 through 934. 

7. An oligonucleotide comprising a nucleic 
acid sequence selected from the group of SEQ ID NOs 



15 
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consisting of SEQ ID NO:4n+2^ or complementary sequences 
thereof^ wherein n=0 through 934. 

8. A pair of oligonucleotides comprising two 
nucleic acids selected from the group of SEQ ID NOs 

5 consisting of SEQ ID N0:4n+1 and SEQ ID NO:4n+2, or 

complementary sequences thereof, wherein n=0 through 934, 
and wherein said primers correspond to two consecutive 
SEQ ID NOs having the same value for n. 

9. A triplet of oligonucleotides comprising a 
10 nucleic acid sequence selected from the group of SEQ ID 

NOs consisting of SEQ ID N0:4n+1, SEQ ID NO:4n+2 and SEQ 
ID NO:4n+3, or complementary sequences thereof, wherein 
n=0 through 934, and wherein said oligonucleotides 
correspond to three consecutive SEQ ID NOs having the 
15 same value for n. 

10- A kit comprising at least one 
oligonucleotide of claims 1, 3, 4 or 5, 

11, The kit of claim 10, further comprising 
two amplification primers. 

20 12. The kit of claim 11, wherein said primers 

comprise a nucleic acid sequence selected from the group 
of SEQ ID NOs consisting of SEQ ID N0:4n+1 and SEQ ID. 
NO: SEQ ID NO:4n+2, or complementary sequences thereof, 
wherein n=0 through 934, and wherein said three 

25 oligonucleotides correspond to three consecutive SEQ ID 
Nos having the same value for n. 

13. A kit comprising an oligonucleotide/ 
wherein said oligonucleotide . comprises a nucleic acid 
sequence selected from the group of SEQ ID NOs consisting 
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of SEQ ID NO:4n+3, or complementary sequences thereof, 
wherein n=0 through 934. 

14. The kit of claim 13, further comprising 
two amplification primers. 

5 15. The kit of claim 14, wherein said primers 

comprise a nucleic acid sequence selected from the group 
of SEQ ID NOs consisting of SEQ ID N0:4n+1 and SEQ ID 
NO:4n-f2, or complementary sequences thereof, wherein n=0 
through 934, and wherein said three oligonucleotides 
10 correspond to three consecutive SEQ ID NOs having the 
same value for n. 

16. A kit comprising the two oligonucleotides 
of claim 8 . 

17. A kit comprising the three 
15 oligonucleotides of claim 9. 

18. A method of genotyping a nucleic acid 
sample comprising hybridizing the oligonucleotide of 
claims 1, 3, 4 or 5 to the nucleic acid sequence selected 
from the group of SEQ ID NOs consisting of SEQ ID 

20 NO:4n+4, or complementary sequences thereof. 

19. The method of claim 18, wherein said 
oligonucleotide is employed in a primer extension 
reaction . 

20. The method of claim 19, wherein said 

25 primer extension reaction is a single-nucleotide primer 
extension. 
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21. A method of genotyping a nucleic acid 
sample comprising performing a primer extension reaction 
employing the oligonucleotide of claims 1^ 3, 4 or 5- 

22. The method of claim 18, wherein said 

5 primer extension reaction is a single-nucleotide primer 
extension. 

23. A method of genotyping a nucleic acid 
sample comprising performing a primer extension reaction 
employing an oligonucleotide comprising a nucleic acid, 

10 or fragment thereof, selected from the group of SEQ ID 
NOs consisting of SEQ ID NO:4n+3, or complementary 
sequences thereof, wherein n=0 through 934. 

24. The method of claim 23, wherein said 
primer extension reaction is a single-nucleotide primer 

15 extension. 

25. The method of claim 23, wherein said 
fragment excludes from 1 up to 10 nucleotides from the 3' 
end of said SEQ ID NO:4n+3. 



26- A fragment of SEQ ID NO:4n+3, wherein n=0 
20 through 934, wherein said fragment excludes from 1 up to 
10 nucleotides from the 3' end of said SEQ ID NO:4n+3. 

27. A method of genotyping a nucleic acid 
sample comprising: 

a) amplifying a target nucleic acid sequence 
25 that hybridizes to an oligonucleotide 

selected from the group of SEQ ID NOs 
consisting of SEQ ID NO:4n+3, or 
complementary sequences thereof; and 
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b) performing a single-nucleotide primer 
extension reaction employing an 
oligonucleotide comprising a nucleic acid 
selected from the group of SEQ ID NOs 
5 consisting of SEQ ID NO:4n+3^ or 

complementary sequences thereof, 

wherein n=0 through 934 and is the same value in both 
steps a and b. 

10 28. A mixture of reagents comprising: 

(a) 10 to 200 mM buffer, having a pH ranging 
from 6.0 to 9.0; 

(b) 15 to 250 mM monovalent-cation salt; 

(c) 0.5 to 25 mM divalent-cation salt; 
15 (d) 0 to 0.02% volume exclusion agent 

(e) 0.25 to 2.5 mM of each of dATP, dCTP, dGTP 
and dTTP. 

29. A method of amplifying a nucleic acid 
sample comprising the steps of: 

20 (a) combining two amplification 

oligonucleotides with said nucleic acid sample; 
(b) adding to said nucleic acid a reagent 
comprising: 

(i) 10 to 200 mM buffer, having a pH 
25 ranging from 6.0 to 9.0; 

(ii) 15 to 250 mM monovalerit-cation salt; 

(iii) 0.5 to 25 mM divalent-cation salt; 

(iv) 0 to 0.02% volume exclusion agent 
(V) 0.25 to 2.5 mM of each of dATP, dCTP, 

30 dGTP and dTTP. 
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(c) contacting said nucleic acid with a nucleic 
acid polymerase. 

30. An oligonucleotide comprising a nucleic 
acid sequence selected from the group of SEQ ID NOs 
5 consisting of SEQ ID NOs: 1-3740^ or complementary 
sequences thereof . 
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FIGURE 2A 
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FIGURE 2B 
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